A randomized, controlled, double-masked clinical trial was conducted with a combination antiviral-antimediator treatment for experimental rhinovirus colds. In all, 150 healthy men and women (aged 18-51 years) were randomly assigned to 1 of 3 groups: intranasal interferon (IFN)-a2b ( U every 12 h ϫ 3) plus oral chlorpheniramine (12 mg extended release) 6 6 ϫ 10 and ibuprofen (400 mg) every 12 h for 4.5 days ( subjects); intranasal placebo plus oral n p 59 chlorpheniramine and ibuprofen ( subjects); or intranasal and oral placebos ( n p 61 n p 30 subjects). Treatment was started 24 h after intranasal viral challenge. During the 4.5 days of treatment with IFN-a2b, chlorpheniramine, and ibuprofen, the daily mean total symptom score was reduced by 33%-73%, compared with placebo. Treatment reduced the severity of rhinorrhea, sneezing, nasal obstruction, sore throat, cough, and headache and reduced nasal mucus production, nasal tissue use, and virus concentrations in nasal secretions. IFN-a2b added to the effectiveness of chlorpheniramine and ibuprofen and was well tolerated.
An alternative to the single-molecule approach to treating colds is to use a combination therapy that includes an antiviral and у1 anti-inflammatory components that block both viral replication and inflammatory events. The results of an earlier small clinical trial using this type of combination treatment were promising [6] . The current study was conducted to further evaluate the combination treatment approach. Intranasal interferon (IFN)-a2b was used as the antiviral agent because of its activity against rhinovirus, coronavirus, and respiratory syncytial virus and its prolonged duration of action, which allows infrequent dosing [4, [7] [8] [9] . It was expected that the IFN-a2b would reduce viral replication, as reflected by virus concentrations in nasal secretions, as was observed in earlier studies [4, 6] . There were 2 anti-inflammatory components. A first-generation antihistamine, chlorpheniramine, was used because of the effectiveness of this class of compounds in treating the sneezing and rhinorrhea of colds [10] [11] [12] [13] . It is possible that chlorpheniramine may also have some antitussive activity, because a closely related compound, brompheniramine, has therapeutic activity for cough [13] . An NSAID, ibuprofen, was used because of its effectiveness in treating headache, malaise, and myalgia [14] and because NSAIDs are also effective in treating sore throat [15] and cough [16] [17] [18] . It was anticipated that this combination of antiviral and antiinflammatory ingredients, through additive or synergistic action, would treat the full range of cold symptoms, which single-ingredient cold treatments do not [2] .
We studied 3 groups in the rhinovirus challenge model. One group received the full treatment, 1 received placebo nose drops and the 2 anti-inflammatory medications, and 1 received placebo nose drops and placebo oral medications.
Subjects, Materials, and Methods
Population and virus inoculum. Subjects were men and women in good health (aged 18-51 years). All had a screening serum neu- ) total symptom scores in adults ϩSE with rhinovirus colds, by treatment group (ⅷ, intranasal interferon [IFN] , oral chlorpheniramine, and oral ibuprofen; subjects; ᭞, n p 59 intranasal placebo, oral chlorpheniramine, and oral ibuprofen; n p subjects; ⅜, intranasal and oral placebos, subjects). 61 n p 30 NOTE. "Full" denotes group of subjects receiving intranasal interferon-a2b, oral chlorpheniramine, and oral ibuprofen; "partial" denotes group of subjects receiving intranasal placebo, oral chlorpheniramine, and oral ibuprofen; "placebo" denotes group of subjects receiving intranasal and oral placebos. Ab, antibody.
a No. ill of no. infected.
tralizing antibody titer of р2 to type 39 rhinovirus and normal nasal examination results. Women had negative urine pregnancy tests. Exclusion criteria were cold symptoms in the 2 weeks before virus challenge; history of allergic rhinitis, bronchial asthma, chronic sinusitis, or chronic lung disease; and allergy to the study medications. Subjects received, in coarse drops into the nose, 0.5 mL (0.25 mL/nostril) of a pool containing 30-300 TCID 50 of rhinovirus type 39. The inoculation was repeated after ∼20 min. Treatment and placebo. Intranasal treatment consisted of IFNa2b powder (INTRON A) (Schering) dissolved in PBS containing 0.2% potassium sorbate, 2% glycerin, and 1% human albumin. Intranasal placebo was PBS containing the same ingredients but without IFN. Intranasal medication, which contained U 6 3 ϫ 10 of IFN (total, U/dose) or placebo, was administered in 6 6 ϫ 10 coarse drops at a volume of 0.2 mL per nostril. Oral medications were commercial ibuprofen (400 mg) and chlorpheniramine maleate (12-mg sustained-release tablets). Both tablets were placed in an opaque capsule filled with cornstarch. Oral placebo (cornstarch) was placed in an identical capsule. Study nurses administered the medications and supervised immediate ingestion of capsules.
Measurement of infection. Infection was determined by daily culture of nasal washes in human embryonic lung cells (WI-38) and measurement of pre-and 21-day postchallenge serum homotypic neutralizing antibody levels. One virus isolate per subject was identified as type 39 rhinovirus [19] . Infection was judged to have occurred if the subject shed type 39 rhinovirus for у1 day and/or if there was a у4-fold increase in homotypic antibody level. Infectivity titrations were done on specimens that were positive for type 39 rhinovirus.
Illness measurement. Symptom data were collected in doubleblind fashion. The occurrence and severity (absent, 0; mild, 1; moderate, 2; severe, 3; very severe, 4) of sneezing, runny nose, nasal obstruction, sore throat, cough, headache, malaise, and chilliness were recorded between 6 and 8 A.M. for 5 days after virus inoculation. Illness was diagnosed when a subject had rhinorrhea and a total symptom score у6 on у3 days and/or the subjective impression of having had a cold [20] . Nasal mucus weights were determined for 24-h periods [10] .
Side effects and safety. Symptoms of nasal irritation, nasal dryness, blood-tinged nasal mucus, and any other complaints were recorded for all subjects. Nasal examinations were performed by anterior rhinoscopy before and at the end of treatment.
Experimental design. The study was conducted twice (9 October 1998 and 13 January 1999), using the same protocol, as a randomized, placebo-controlled, double-masked clinical trial. Eighty subjects were enrolled in the first trial and 70 in the second. Viral challenge was done between 6:30 and 8 A.M. (day 0). Treatment was started 24 h later (day 1), by which time the subjects had developed symptoms. Subjects were placed in individual motel rooms at 5 P.M. on day 0 and had contact only with study personnel until the morning of day 5.
Three groups were randomized in a 2:2:1 ratio to the following drugs or placebo: intranasal IFN plus oral chlorpheniramine and ibuprofen, intranasal placebo plus oral chlorpheniramine and ibuprofen, or intranasal placebo plus oral placebo. Intranasal IFN or placebo was given the morning of day 1, the evening of day 1, and the morning of day 2 at 12-h intervals for 3 treatments in total. Oral medication or placebo was started at the same time as IFN and was given every 12 h for 4.5 days.
Statistical calculations. The rhinovirus challenge model was used in a number of earlier published clinical trials [4-6, 11, 13] . In those studies, probability testing was usually done with Student's t test to evaluate the difference in daily mean symptom scores of infected subjects in the treated and placebo groups. This presents problems that go against good statistical practice. First, the intentto-treat principle (and randomization) is compromised, since the results are analyzed only from infected and not from all virus- subn p 51 jects; ᭞, intranasal placebo, oral chlorpheniramine, and oral ibuprofen; subjects; ⅜, intranasal and oral placebos; subjects). n p 52 n p 27 NOTE. "Full" denotes group of subjects receiving intranasal interferon-a2b, oral chlorpheniramine, and oral ibuprofen; "partial" denotes group of subjects receiving intranasal placebo, oral chlorpheniramine, and oral ibuprofen; "placebo" denotes group of subjects receiving intranasal and oral placebos.
challenged subjects. Second, repeated measurements from the same person are in the data set. These measurements are correlated, and the statistical analysis must reflect this if valid inference is to be drawn. Finally, the severity of each patient's illness at the start of treatment influences the individual's response to treatment. Therefore, the severity of the patient's symptoms at the start of treatment must be taken into consideration in the data analysis. The statistical methods used in the current study were designed to effectively deal with these problems.
All the data analyses were carried out on an intent-to-treat population comprising the 150 subjects who were challenged with type 39 rhinovirus. This group included 10 subjects infected with wild virus before viral challenge (3 full treatment, 5 partial treatment, 2 placebo), 9 subjects who did not become infected with the challenge virus (4 full treatment, 4 partial treatment, 1 placebo), 8 infected subjects in the placebo group who did not develop illness during the course of the study, and 6 infected subjects who were asymptomatic when treatment began. The daily symptom severity scores for each individual symptom and for total symptom severity scores and the total number of nasal tissues used over the final 4 days of the study were analyzed as discrete counts. The nasal mucus weights and the virus titer data were analyzed as continuous data.
The symptom severity score data were analyzed by generalized estimating equations (GEEs), a modeling technique that is designed for longitudinal data analysis [21] . A negative binomial generalized linear model was utilized to estimate the GEE model parameters for the marginal fixed effects. The model specification included parameters to estimate the effect of the treatment, the effect of time, and the effect of treatment by time interaction. Covariate parameters were also included to adjust for the level of the severity of the subject's baseline symptoms just before the time when the treatment phase of the study began.
We analyzed 2-way and 3-way interaction, with respect to the baseline symptom score and treatment and the baseline symptom score and time, by a generalized Wald test, to determine whether the equal slope assumption was valid. When the equal slope assumption was rejected at the level, the baseline-adjusted P р .05 mean for the symptom severity score was estimated at the 25th, 50th, and 75th percentiles of the baseline symptom severity score empirical distribution. To account for the within-subject serial correlation, the model variance-covariance parameters were estimated by use of the Huber and White sandwich estimator [22] . Confidence interval (CI) construction was based on the Wald normal approximation.
Likewise, we modeled the virus titer data by GEE. A g generalized linear model with a log-link function was utilized to estimate the marginal fixed effects. The data for the total nasal tissue count from days 2 through 5 were modeled with a generalized linear model. The distribution family was specified as negative binomial, and a log-link function was utilized. We also analyzed the data for the total nasal mucus weight from days 2 through 5 by a generalized linear model. The distribution family was specified as g, and a loglink function was used.
We present the statistical comparisons from the symptom severity score analyses as a ratio of the baseline-adjusted mean score and subjects; ᭞, intranasal placebo, oral chlorpheniran p 59 mine, and oral ibuprofen; subjects; ⅜, intranasal and oral plan p 61 cebos; subjects). n p 30 the statistical comparisons from the tissue count analysis as a ratio of the baseline-adjusted mean nasal tissue count. The statistical comparisons of nasal mucus weight and virus titer are shown as the ratio of the baseline-adjusted mean. All statistical computations were done with the PROC GENMOD procedure (version 8.2; SAS Institute software).
Results

Study Population
Of the 150 subjects challenged with virus, 59 (39%) were men and 91 (61%) were women. By race, 106 (71%) were white, 22 (15%) black, 12 (8%) Asian, 7 (5%) Hispanic, and 3 (2%) other.
The mean ( ) age was years (range, 18-51). Fifty-‫ע‬SE 21.3 ‫ע‬ 4.8 nine subjects received full treatment; 61, partial treatment; and 30, placebo. All medications were taken by all subjects, except for 1 person who missed the second oral dose because of malaise and 7 who missed the last oral dose (6 because of drowsiness, 1 because of malaise).
Infection and Illness Rates
The data from October 1998 and January 1999 were combined. Of the 150 subjects challenged with virus, 139 had a prechallenge antibody titer р2 and did not have a wild virus in their nasal secretions at the time of challenge. Of these 139 subjects, 128 (92%) shed type 39 rhinovirus and 63 (45%) had a homotypic antibody level increase, resulting in 130 (93.5%) who were infected ( The mean ( ) total symptom scores were similar among ‫ע‬SE the 3 study arms at 24 h after virus challenge, the time when treatment was initiated (figure 1). The baseline mean ( ) total ‫ע‬SE symptom score was for subjects who received both 2.34 ‫ע‬ 0.45 the antiviral and the anti-inflammatory medications, 1.74 ‫ע‬ for those who received only the anti-inflammatory medi-0.24 cation, and for those who received the placebo. 2.00 ‫ע‬ 0.27 The severity of the subjects' symptoms before treatment influenced the subsequent impact that the antiviral and anti-inflammatory medications had on reducing the symptoms over the 4.5 days of treatment (test for baseline total symptom score by study arm interaction, ). Therefore, the model-based P ! .001 adjusted means for the total symptom severity score on days 2, 3, 4, and 5 were estimated at the 25th, 50th, and 75th percentiles of the day 1 total symptom score empirical distribution. The total symptom scores 0, 1.5, and 3.0 correspond to the 25th, 50th and 75th percentiles, respectively, and represent baseline symptom scores that are consistent with those of subjects who began treatment with no symptoms, with mild symptoms, and with moderate symptoms. Table 2 shows the adjusted estimates for the treatment effect on days 2-5. For the subjects who received both the antiviral and the anti-inflammatory medications, the treatment effect was more pronounced when the subject began treatment with either mild or moderate symptoms than it was when treatment was started when there were no cold symptoms. Conversely, for those who received only the anti-inflammatory medication, NOTE. "Full" denotes group of subjects receiving intranasal interferon-a2b, oral chlorpheniramine, and oral ibuprofen; "partial" denotes group of subjects receiving intranasal placebo, oral chlorpheniramine, and oral ibuprofen; "placebo" denotes group of subjects receiving intranasal and oral placebos. Data in parentheses are 95% confidence intervals. ND, not done because of a zero estimate for the variance of the mean symptom score within the full treatment arm group. the treatment effect was more pronounced for the subjects who had no symptoms or had mild symptoms at the time the treatment phase of the study began.
As shown above, the major impact of the full treatment occurred during the first day of administration. However, the treatment effect also persisted over the days that followed the time of peak symptoms (day 2). For the group of subjects who received both the antiviral and anti-inflammatory medications, the adjusted mean total symptom score was reduced by 22.2% (95% CI, 0.05%-36.4%; ) on day 3, by 67.4% (95% P p .014 CI, 56.9%-75.4%; ) on day 4, and by 76.2% (95% CI, P ! .001 60.6%-85.7%; ) on day 5, relative to the adjusted mean P ! .100 total symptom score for the group on day 2, when the mean total symptom score was at its maximum. For the subjects given only anti-inflammatory medication, the adjusted mean total symptom score was reduced by 27.3% (95% CI, 10.8%-40.7%; ) on day 3, by 51.5% (95% CI, 35.7%-63.4%; P p .002 P ! ) on day 4, and by 66.3% (95% CI, 56.0%-74.2%; .001 P ! ) on day 5, relative to the adjusted mean total symptom .001 score for the group on day 2. Within the placebo arm, the adjusted mean total symptom score was reduced by 19.3% (95% CI, Ϫ9.1% through 40.4%; ) on day 3, by 38.1% (95% P p .2 CI, 9.1%-57.9%; ) on day 4, and by 59.7% (95% CI, P p .01 38.5%-73.6%; ) on day 5, relative to the adjusted mean P ! .001 total symptom score for the group on day 2.
The decline in the adjusted total symptom score during days 2-5 was more pronounced for the subject group who received the full treatment than for the group given the placebo (P p ). The adjusted total symptom score declined at a faster rate .03 for the group given full treatment than for the group given only the anti-inflammatory medication ( ), whereas the rate P p .08 of decline in the adjusted total symptom score was similar for those who received placebo and those who received partial treatment ( ). P p .3
Secondary Efficacy End Points
Virus titers. Figure 2 shows the unadjusted geometric mean virus titers (GMTs) on days 1-5 of the 130 subjects infected with rhinovirus type 39. Subjects with wild virus infection before challenge were excluded from the analysis. After adjustment for the GMTs on day 1, the GMTs differed across the 3 ) severity of sneezing, nasal obstruction, sore throat, cough, headache, and malaise scores in adults with rhinovirus colds ϩSE (ⅷ, intranasal interferon [IFN], oral chlorpheniramine, and oral ibuprofen; subjects; ᭞, intranasal placebo, oral chlorpheniramine, and n p 59 oral ibuprofen; subjects; ⅜, intranasal and oral placebos; subjects). n p 61 n p 30 study arms only on day 3. On day 3, the mean GMT was 1.64-fold greater (95% CI, 1.10-2.43; ) for the group who P p .015 received the placebo than for the group who received partial treatment and 1.55-fold greater (95% CI, 1.12-2.16; ) P p .01 for the group who received partial treatment than for the group of patients who received full treatment.
Nasal mucus weight. Figure 3 shows the unadjusted mean weights of the nasal mucus collected on days 1-5. The baselineadjusted means ( ) for the total weight (in grams) of nasal ‫ע‬SE mucus collected on days 2-5 were as follows: placebo group, ; partial treatment group, ; and full treat-12.8 ‫ע‬ 3.1 7.6 ‫ע‬ 1.3 ment group, . After adjusting for the subject's nasal 4.65 ‫ע‬ 0.8 mucus weight on day 1, the estimated mean for the total weight of the nasal mucus that was collected per subject on days 2-5 was 2.74-fold greater (95% CI, 1.54-4.90;
) for the pla-P ! .001 cebo group than for the full-treatment group, 1.67-fold greater (95% CI, 0.94-2.97; ) for the placebo group than for P p .08 the partial treatment group, and 1.64-fold greater (95% CI, 1.03-2.63; ) for the partial treatment group than for P p .04 the full treatment group.
Number of nasal tissues used. Figure 3B shows the unadjusted mean number of nasal tissues used per subject on days 1-5. The baseline-adjusted means ( ) for the total tissues ‫ע‬SE used per subject on days 2-5, by group, were , pla-33.9 ‫ע‬ 6.6 cebo group; , partial treatment group; and 18.8 ‫ע‬ 2.6 14.6 ‫ע‬ , full treatment group. After adjusting for the subject's tis-2.05 sue usage on day 1, the estimated mean for the total number of tissues used per subject was 2.39-fold greater (95% CI, 1.49-3.83;
) for the placebo group than for the full P ! .001 treatment group and 1.80-fold greater (95% CI, 1.13-2.87;
) for the placebo group than for the partial treatment P p .01 group. Among subjects who received full or partial treatment, the total tissue usage was not significantly different ( figure 3 ) and sneezing symptom scores (table 3, figure 4 ) appeared between 5 (8) 6 (10) NOTE. Data are no. (%) of subjects. "Full treatment" denotes intranasal interferon-a2b, oral chlorpheniramine, and oral ibuprofen; "partial treatment" denotes intranasal placebo, oral chlorpheniramine, and oral ibuprofen; "placebo" denotes intranasal and oral placebos.
a Other symptoms reported, by treatment group, were as follows: placebo group, nausea, insomnia, small bumps on tongue, low energy, and feels tired, 1 subject each; partial treatment group, dizziness, 2 subjects, and nausea and stiffness in shoulder, 1 subject each; full treatment group, menstrual cramps, 1 subject. the full treatment and placebo groups after 24 h of treatment. A moderate treatment effect on nasal obstruction symptom scores appeared between the full treatment and placebo groups after 3 days of treatment (table 3, figure 4), and a moderate and sustained treatment effect on sore throat symptom scores appeared between the full treatment and placebo groups after 24 h of treatment (table 3, figure 4) . A large treatment effect on coughing symptom scores appeared between the full treatment and placebo groups after 3 days of treatment, a time when cough scores were continuing to increase in the placebo group (table 3, figure 4 ). Mean headache symptom scores were lower in the full treatment than in the placebo group on all days of treatment, but the differences were not statistically significant (table 3, figure 4), nor were statistically significant differences in mean malaise symptom scores observed among the groups (table 3, figure 4 ).
Side Effects and Safety
Nasal dryness occurred in 20% of the placebo, 21% of the partial treatment, and 25% of the full treatment groups (table  4) . Nasal irritation occurred in 10% of the placebo and partial treatment groups and in 15% of the full treatment group. Bloodtinged nasal mucus occurred in 7% of the placebo group, 11% of the partial treatment group, and 19% of the full treatment group (placebo and partial treatment vs. full treatment, P p ). Drowsiness occurred in 8% and 10% of the partial and full .2 treatment groups, respectively, and in none of the placebo group (placebo vs. partial and full treatment, ). P p .03 Following treatment, one volunteer in the placebo and one in the full treatment group had small blood crusts in the nasal passage. A small nasal polyp was noted in the posterior middle meatus in one volunteer in the full treatment group. Because of its location, the polyp may have been missed during the pretreatment examination.
Discussion
Currently available cold treatments provide only partial relief in treating colds [2] . Decongestants relieve nasal obstruction (and, to some extent, rhinorrhea) but do not reduce sneezing, sore throat, cough, or general symptoms [2, 23] . First-generation antihistamines reduce sneezing, rhinorrhea, and possibly cough but not other cold symptoms [2, [10] [11] [12] [13] . NSAIDs reduce general symptoms, sore throat, and cough [14] [15] [16] [17] [18] . The experimental approach with antivirals has been successful in preventing infection but has been less effective as a treatment after symptoms have appeared. Enviroxime, IFN, and soluble intercellular adhesion molecule-1, which reduce virus concentrations in nasal fluid of infected subjects, have only a limited effect on symptom reduction [3] [4] [5] [6] .
The results of this study support the hypothesis that an antiviral-anti-inflammatory combination provides a more effective approach to treating colds than single-ingredient treatments. The combined treatment with IFN-a, chlorpheniramine, and ibuprofen tested in this study reduced individual and total symptoms scores and reduced nasal mucus production and virus concentration in nasal secretions. In subjects who were symptomatic when treatment was started, the full treatment resulted in a 33%-73% reduction in the daily mean total symptom severity score during the 4.5 days of treatment. The combination treatment was also well tolerated. Although nasal irritation occurs when intranasal IFN application is extended past several days [24] , the abbreviated dosage schedule used in this study and in an earlier study [6] did not cause this problem. This dosage schedule was selected because of the prolonged antiviral state that IFN confers on nasal cells and the course of rhinovirus replication in the nose, which peaks at 48 h and then falls. Other antivirals would be candidates for use in combination therapy.
In this study, treatment was initiated in the early stage of illness. A common practice in self-medication for colds is to begin treatment after symptoms are well established. However, the symptom burden of rhinovirus and nonrhinovirus colds is greatest during the first 3 days of illness [25, 26] . Attacking symptoms after the cold is well developed is not an ideal strategy. A better strategy is to initiate treatment when the illness is first beginning and thus to prevent the symptom burden from ever reaching its peak. Early recognition of the onset of a cold appears to be practicable. In a study of patients with natural colds, 81% reported that the interval between the initial recognized symptom and when the patients "knew they had a cold" was р16 h [27] . This suggests that most persons can recognize early cold symptoms and thus initiate early treatment. An additional benefit of early treatment in this study was the reduction of the amount of nasal fluid produced and the need for nose blowing. The full treatment reduced expelled nasal fluid volume by 71% and nasal tissue use by 55%. This may result in less nasal fluid being propelled into the sinuses by nose blowing [28] .
With the development of more effective cold treatments and with education, the public may adopt the practice of early cold treatment. More effective means of treating colds can lead to reduction of common cold morbidity and may help solve the continuing problem of the misuse of antibiotics for treating colds.
